Osteogenesis imperfecta (01) is often regarded as a form of osteoporosis. However, the bone fragility is the result of defective collagen and earlier work has demonstrated that cortical thickness, in bones not previously fractured, is usually normal. We have now measured the bone mineral content of the distal forearm in 61 adult patients with well characterized OI.
Introduction
Osteogenesis imperfecta (01) has often been regarded in the past as a form of osteoporosis."2 However, it is increasingly clear that almost all cases result from heritable disorders of collagen rather than from any defect ofcalcium metabolism. In recent years the extreme heterogeneity of 01 has been recognized, a wide range of distinct molecular defects having been identified. 3 In earlier work we showed that the bones of adults with 01 frequently had normal radiological appearance, particularly in bones that had not sustained previous fractures. 4 The thickness of the metacarpal cortex in 24 adults was within the normal range. 5 On the other hand, diminished bone density in the spine, measured by quantitative computed tomography in 28 patients, has been found, particularly in the more severely affected patients. occur frequently. Normal sclerae in older children and adults; pale blue sclerae in early childhood.
*Subdivided into (A) no overt dental abnormality, and (B) dentinogenesis imperfecta present.
employees, church and voluntary group members, and over-60s exercise class attenders. All were free from treatment with corticosteroids, hormone replacement therapy, excessive alcohol intake, and any disease known to affect calcium metabolism or bone density. None had had previous fracture of the non-dominant distal forearm.
A Molsgaard single photon absorptiometer (Nuclear Data ND1 100A) was used to measure the bone mineral content (BMC) of the non-dominant forearm. The value for the distal site was the mean of four scans in 2 mm increments distal to the 8 mm interosseous space between the radius and ulna. For the proximal site the value was the mean of six scans in 4 mm increments proximal to the 8 mm interosseous space. The coefficients of variation, taking measurements on one subject on ten occasions by two operators, were 1.3% for distal BMC and 1.2% for proximal BMC.
Results are in arbitrary units after correction for fat absorption (BMC) and divided by bone width to give a value for bone mineral density (BMD); they were expressed as z-scores, the number of standard deviations of the patient's value from the mean of the appropriate age-band of the control population (5-year bands for women and 10-year bands for men).
Results
All three patients with the type III disorder had bone mass values well below two standard deviations below the normal mean for age and sex. For type I, the mean values for BMC and BMD at both distal and proximal sites were significantly lower than normal (P<0.001). For the eight patients with type IV, the distal BMC and BMD were also significantly lower (P<0.001), but there was no significant difference at the proximal site (P > 0.2). There were no significant differences between mean bone mass for type I and type IV at either site. However about 70% ofpatients with 01 types I and IV had BMC or BMD values within two standard deviations of the mean for age and sex of the reference population ( Figure 1 and Table II ).
Discussion
It is not surprising that the three patients with OI type III had bone density values well below the lower reference interval. However, diagnostic difficulties do not occur in such patients and our main objective was to recruit as many individuals as possible with types I and IV. In the type IV disease the diagnosis can be particularly difficult without a positive family history. 4 We showed that, as a group, patients with OI type I had a diminished bone density relative to the control subjects. This difference may well reflect the inclusion, within this group, of some patients whose genetic defect is a 'null allele' leading to diminished collagen formation.9 Such patients could well have osteopenia as an integral part ofthe disease.
The fact that most patients both with 01 type I and 01 type IV had values for bone density within the reference interval is consistent with the fact that the most common biochemical disorder is defective collagen structure.3 The defective collagen may still permit normal mineral deposition; in such cases the 111 IVf IV Figure 1 Bone mineral density (BMD) for the 'proximal' site of the forearm in osteogenesis imperfecta patients compared with the reference interval of a control population. BMD is expressed as z-score (standard deviation from the mean for an age-and sex-matched local population of normal subjects). * = female; * = male.
bone fragility would initially be entirely due to the collagen abnormalities. It would later be compounded by osteopenia and deformity due to the fractures and the immobilization used in their treatment.
We recognize that only one method of densitometry was used and that ideally further work using dual energy X-ray absorptiometry is needed. However, adults with 01 often have scoliosis which would make the interpretation of any form of spinal densitometry difficult. Single photon aborptiometry (SPA) may be particularly appropriate in OI because it is a disorder that mainly causes long bone fractures. In addition a fair correlation has been found in osteoporosis between SPA on the forearm and measurements on the spine and on the whole body.'" While, as a group, patients with OI types I and IV have some diminution in bone density, the majority of patients had values within the reference ranges. One cannot therefore exclude the diagnosis of 01 by finding normal values with densitometry. Since the evaluation of bone density by subjective examination of radiographs is a much less precise procedure,' -'3 most patients with these disorders would be expected to have 'normal' appearances with this assessment. We wish to advise caution in attempting to 'exclude' osteogenesis imperfecta on the basis of apparently normal bone density or cortical thickness with routine radiographs.
